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Abstract — Phased array antennas afford many advantages over 
traditional reflector antennas due to their conformality, high 
aperture efficiency, and unfettered beam steering capability at 
the price of increased cost and complexity. This paper eliminates 
the complex and costly array backend via the implementation of 
a series fed array employing a propagation constant 
reconfigurable transmission line connecting each element in 
series. Scanning can then be accomplished through one small 
(< lOOmil) linear motion that controls propagation constant. 
Specifically, each element is fed via a reconfigurable coplanar 
stripline transmission line with a tapered dielectric insert 
positioned between the transmission line traces. The dielectric 
insert is allowed to move up and down to control propagation 
constant and therefore induce scanning. We present a 20 element 
patch array design, scanning from — 25° < 6 < 21° at 13GHz. 
Measurements achieve only 10. 5° < 0 < 22° scanning due to a 
faulty, yet correctable, manufacturing process. Beam squint is 
measured to be ±3° for a 600MHz bandwidth. This prototype 
was improved to give scanning of 3.5° < 0 < 22°. Cross-pol 
patterns were shown to be -15dB below the main beam. 
Simulations accounting for fabrication errors match measured 
patterns, thus validating the designs. 

I. Introduction 

Phased array antennas have advantages over traditional 
reflector antennas for use on satellites due to their 
conformality, high aperture efficiency, and unfettered beam 
steering capability. However, this improvement comes at the 
price of cost and complexity. The majority of these challenges 
arise from the backend, where a complex feeding network is 
required to achieve scanning. As would be expected, with 
additional elements, more feeding circuitry is needed, implying 
even more complexity. Typical treatments to deal with the 
excessive complexity and cost are array thinning [1] and sub 
arraying [2] . However, both of these degrade performance and 
are only marginally effective in decreasing cost and 
complexity. 

To reduce cost and complexity for arrays of all sizes, we 
propose a novel feeding technique to eliminate the entire array 
backend. Specifically, we propose a linear array fed by a 
single CPS transmission line. The propagation constant of the 
latter is controlled by moving up and down a trapezoidal 
dielectric wedge. As the wedge moves, scanning is achieved. 


Felix A. Miranda 
NASA John Glenn Research Center 
Cleveland, OH 44135 


In [3] we employ a parallel plate transmission line with three 
layers (dielectric, air, dielectric). By reconfiguring the 
thickness of the air layer, the effective dielectric constant was 
altered to induce scanning. However, this approach suffered 
from a very sensitive propagation constant when air layer 
thickness was reconfigured leading to excessively restrictive 
prototype tolerances. Subsequently, measured patterns 
deviated significantly from the simulated ones. 

In [4] we proposed a novel transmission line to give more 
control over the propagation constant. We used a 
reconfigurable slotted coplanar stripline (CPS) transmission 
line with a trapezoidal dielectric wedge positioned between the 
traces. With this configuration, the propagation constant was 
reconfigured through a single small (< 100 mil) linear motion. 
The profile of the taper can be constructed to control the 
propagation constant as desired. Thus, the propagation 
constant sensitivity can be lessened and prototype tolerances 
lifted. 

Other approaches employ reconfigurable transmission lines 
to induce beam scanning [5-10]. One such approach is the use 
of a nonfoster circuit is at each element to realize true time 
delay at the expense of complexity and cost [5]. The most 
common approach is to use ferrite [6-8], which can be biased to 
change the electrical properties. However, use of ferrite adds 
excessive weight and puts an inherent cap on bandwidth. 
Fluidic transmission lines [9] have also been explored. This, 
however, is only marginally effective in inducing scanning. 
Finally, [10] uses a concept similar to ours by positioning a 
dielectric sheet close to a microstrip line in a corporate feeding 
scheme. But, this setup is bulky. By contrast, our approach 
offers a lightweight, simple, cost effective alternative. 

II. RECONFIGURABLE SLOTTED COPLANAR STRIPLINE 

A. Propagation Constant Reconfiguration 

Effective beam steering is accomplished through proper 
design of the reconfigurable transmission line. Here, we 
employ a propagation constant reconfigurable transmission line 
in a series fed array topology to induce scanning without the 
traditional phased array backend. In [3] a reconfigurable 
parallel plate transmission line suffered from great propagation 
sensitivity, leading to degraded prototype results. [4] 



introduced a novel reconfigurable slotted coplanar stripline 
(CPS) with a trapezoidal dielectric wedge positioned between 
the line traces (Figure 1) that gave much greater control over 
propagation constant (Figure 2). By lifting the array board 
(green), a different portion of the insert (blue) is exposed to the 
supported wave, thus reconfiguring the propagation constant. 



Figure 1 . Reconfigurable slotted CPS transmission line 
achieved greater propagation constant control. 
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Figure 2. Trapazoidal dielectric wedge insert movement to 
control propagation constant. The profile of the tapered insert 
is shaped to give desired propagation control. 

This varying propagation determines the progressive phase 
delivered to each element, thus inducing beam steering. As 
would be expected, the resulting scan angle is a function of 
both propagation constant and element spacing (Figure 3). 
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Figure 3. Scan angle from boresight as a function of 
propagation constant and element spacing. 


III. Final 20 Element Patch Array 

A. Array Design and Performance 

Achieving good control of the propagation constant is the 
goal in Figure 4. This design gave a nearly linear propagation 
constant to air gap, g, relationship. Impedance of the line is 
also favorable due to the relatively little change as g is 
reconfigured. 

For the array, patches were chosen as the radiating elements 
due to several factors. The first is the strong radiation from 
patches and the second is related to the easily controllable 
impedance. This is important since, delivering equal amplitude 
excitation to each of the array elements requires an element 
impedance distribution along the transmission line of the array. 
Elements at the beginning of the line must be mismatched 
while elements at the end of the line must be well matched. 
This allows for most of the energy to continue down the line in 
the beginning with the remainder radiated at the end. Perfect 
distribution to every element is challenging to achieve due to 
varying line impedance during reconfiguration. However, 
good power distribution is achieved when impedance is tapered 
along the line. 

A linear change in recess length (max at the first element 
and no recess on the last element) is used to give sufficient 
beamforming. Further optimization of scan patterns is 
possible. The array (see Figure 5) was designed to operate at 
13GHz and scan from —25° < Q < 21° (seen in Figure 6). A 
balun design from [11] was employed to feed the array. 



Figure 4. Reconfigurable slotted CPS transmission line 
giving ±30° scan range while ensuring low propagation 
sensitivity (and thus non-restrictive prototype tolerances). 





Figure 5. 20 element CPS patch array design employing a 
linear change in patch feed inset length along the array to 
ensure nearly uniform excitation. 



Figure 6. Simulated scan patterns for the CPS fed patch 
array demonstrating scanning in the range —25° < 6 < 21°. 


B. Prototype Measured Patterns 

A prototype of the design was fabricated and tested. 
Unfortunately, during construction of the prototype, the array 
board was broken as pictured in Figure 7. The two pieces of 
the board were then glued back together and nylon rods were 
attached to give stability. For measurements, various g values 
were achieved with spacers, and binder clips were used rather 
than traditional clamps due to their consistent pressure applied. 
Warping of the board due to varying clamp pressures was 
found to be a problem during the parallel plate prototype 
testing, thus the use of binder clips was a simple solution. 

Measured co-polarization patterns are depicted in Figure 8. 
Beam squint was about ±3° for a high communications 
bandwidth of 600MHz at a gap of g=45mil as seen in Figure 9. 
Measured scan patterns deviate from the simulated in two 
ways; gain level and scan range. Gain level was reduced due to 
increased Sn from the board fracture (Figure 10). This was 
verified via a time domain S n measurement as seen in Figure 
11 . 

The decreased scan range (10.5° < 0 < 22°) can be 
attributed to two factors as depicted in Figure 12. The first is 
the insert being machined to an angle of a = 3.5° rather than 
the design angle of a = 5°. The differing angle introduces 


extra air since the array board and insert no longer fit together. 
This will eliminate some portion of the high propagation 
constant region and thus a portion of the scan range. 
Additionally, due to the differing angles, comparing the same 
gap, g, values in the two cases is no longer fair. 

The second factor contributing to the reduced scan range is 
the recessing of the transmission line traces, R = 2 mil, from 
the slot edge. The extra air introduced in the gap between the 
line traces and the slot edge also decreases the achievable scan 
range. The lines were recessed from the slot edge due to the 
poorly executed photolithography process. Instead of the 
traces extending fully to the slot edge, the edges of the trace 
were etched away. This manufacturing error is easily 
correctable. 



Figure 7. Assembled CPS prototype repaired with glue and 
nylon bracers after array board was broken during fabrication. 



Figure 8. Measured scan patterns for the CPS fed prototype 
showing reduced gain and scan range. 




Figure 9. Measured scan patterns for the CPS fed prototype 
over a 600MHz bandwidth at g=45mil showing a beam squint 

of ±3°. 
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Figure 10. Measured Sn of g=45mil, showing a large 
reflection. 
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Figure 11. Measured time domain Sn of g=45mil with a large 
reflection seen at the board fracture location. 



Figure 12. Errors in prototype Fabrication; recessed traces 
from slot edge ( R ) leaving extra air, and the insert machined 
to the incorrect angle ( a ) also introducing extra air. This extra 
air eliminates the largest propagation constants achievable and 
thus scan range. 


C. Repairing the Array Using Silver Coating 

Silver paint was applied to fill the air gap between the CPS 
traces and slot edge (as seen in Figure 13) to correct the 
photolithography error. Figure 14 now shows the measured 
scan patterns with the silver coating. As seen, the scanning 
range is increased to 3.5° < 0 < 22°. Additionally, Figure 15 
shows the cross-pol -15dB below co-pol in the main beam. 
However, the scan range is far from the ideal (—25 ° < 9 < 

21°) and gain is further reduced for all scan angles. 

Though the exact conductivity of the silver coating is not 
known, measurements showed the silver paint was lossy. That 
is, the silver paint did not operate as intended. The majority of 
current density continued to travel through the recessed traces 
rather than the resistive silver painted surface. Therefore, scan 
range increased only slightly. Further, as would be expected, 
the lossy silver paint decreased the gain for all scan angles. 

Silver Paint 
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Figure 13. Silver coating added to correct the CPS line traces. 
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Figure 14. Measured scan patters of CPS prototype with silver 
paint increasing scan range but reducing gain due to the lossy 
nature of the silver paint. 



Figure 15. Cross-polarization pattern for g=45mil of the silver 
painted array -15dB below co-polarization in the main beam. 


D. Simulated Effect of Fabrication Errors 

The design was simulated with a = 3.5° and R = 2 mil, to 
match the prototype parameters, as seen in Figure 15. These 
simulated patterns much better match the measured patterns 
and thus give validation to the simulations. Gain is still 
reduced due to the broken board, however, the scan range is 
almost identical. 
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Figure 15. Simulated result of array with a = 3.5° and 
R = 2mil (to match the fabricated array) showing much better 
match to measurements. 


These results bring up the question of which error has the 
larger effect. Figure 16 shows the array with a = 5° and 
R = 2 mil while Figure 17 shows the array with a = 3.5 and 
R = Omil. The insert angle was found to have much less of an 
effect than the recessed traces. This is expected considering 
the most critical parameter for determining the propagation 
constant is the air to dielectric ratio within the line connecting 
the transmission line traces. Adding a total of 4mils of air 
between the traces had a large effect. Changing the angle of 
the insert still allows the area between the traces to be 
completely filled with dielectric (at a smaller min gap, g = 
16.7mil, rather than g=30mil). With the insert angle, the 
scanning range is somewhat reduced due to the air introduced 
in the surrounding areas, but the critical region remains mostly 
unaffected. 



Figure 16. Simulated array with a = 5° and R = 2 mil (only 
recessed trace error). 
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Figure 17. Simulated array with a = 3.5° and R = 0 mil (only 
insert angle error). 

IV. Conclusion 

The implementation of a novel low cost, low profile, 
phased array feeding topology was presented. A propagation 
constant reconfigurable slotted CPS transmission line 
employed in a series fed array topology is employed in order to 
replace the traditional phased array backend. Scanning is 
accomplished via one small ( < lOOmil ) linear motion 
reconfiguring the propagation constant. 

A slotted CPS transmission line design was presented 
allowing scanning to ±30° while not requiring restrictive 
tolerances. The line was employed in a 20 element patch array 
operating at 13 GHz. This array achieves a scan range of 
—25° < 0 < 21° with nearly uniform gain. 

A prototype was fabricated and tested giving a scan range 
of 10.5° < 6 < 22° , beam squint of ±3° for a 600MHz 
bandwidth, and gain level 3dB below expected. Measured Sn 
revealed a large reflection from a board fracture incurred 
during fabrication, reducing measured gain. Scan range was 
reduced due to two manufacturing errors, insert angle and trace 
recess from slot edge. Silver paint was used in attempt to 
remedy the recessed traces. However, due to the lossy nature 
of the silver paint, scan range was only increased to 
3.5° < 0 < 22° and gain was further reduced. 
Cross-polarization patterns were -15dB below co -polarization 
patterns in the main beam. Finally, simulations revealed 
recessed traces were more critical to scan range than insert 
angle and thus should be the larger concern. 

Future work will scale up the design to Ka band, 
consistent with satellite communications. This will bring the 
challenge of smaller features. Challenging prototype tolerances 
have already been encountered at 13 GHz (and overcome in this 
paper) and will become even more restrictive at Ka band. 
Additionally, 2-D independent scanning will be accomplished 


via an independent reconfigurable line feeding an array of 
reconfigurable linear arrays (all controlled together). 
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